Role of 320-slice multislice computed tomography coronary angiography in the assessment of coronary artery stenosis  by Youssef, Mohamed Ahmed et al.
The Egyptian Journal of Radiology and Nuclear Medicine (2014) 45, 317–324Egyptian Society of Radiology and Nuclear Medicine
The Egyptian Journal of Radiology andNuclearMedicine
www.elsevier.com/locate/ejrnm
www.sciencedirect.comORIGINAL ARTICLERole of 320-slice multislice computed tomography
coronary angiography in the assessment
of coronary artery stenosis* Tel.: +20 1227446621.
E-mail address: youssef6838@yahoo.com (M.A. Youssef).
Peer review under responsibility of Egyptian Society of Radiology and
Nuclear Medicine.
Production and hosting by Elsevier
0378-603X  2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear Medicine.
http://dx.doi.org/10.1016/j.ejrnm.2014.03.003Open access under CC BY-NC-ND license.Mohamed Ahmed Youssef a,*, Mahmoud Abdelaziz Dawoud a, Aly Aly Elbarbary a,
Mohamed Mohamed Elbedewy b, Hasan Mohamed Elkhateeb ca Radiodiagnosis Department, Faculty of Medicine, Tanta University, 72 Elnady Street, Tanta, Gharbeya 31111, Egypt
b Internal Medicine Department, Faculty of Medicine, Tanta University, 72 Elnady Street, Tanta, Gharbeya 31111, Egypt
c Faculty of Medicine, Tanta University, 72 Elnady Street, Tanta, Gharbeya 31111, EgyptReceived 6 December 2013; accepted 7 March 2014
Available online 13 April 2014KEYWORDS
MSCT;
Coronary angiography;
Coronary artery diseaseAbstract Objective: To evaluate the effectiveness of the multislice CT coronary angiography, as a
non-invasive imaging tool in assessment of coronary artery stenosis.
Patients and methods: The study included 50 patients who were referred for MSCT coronary angi-
ography followed by catheter coronary angiography. Patients with previous coronary bypass grafts
and those with coronary stents were excluded. History of contrast allergy, renal impairment and
severe chest conditions were exclusion criteria. The coronary angiographic CT studies were per-
formed using a 320 CT scanner. The catheter coronary angiographic studies were performed via
femoral arterial puncture. The results of CT angiography were compared with the gold standard
catheter angiography.
Results: The positive predictive value and negative predictive value of MSCT coronary angiogra-
phy in detection of coronary artery stenosis were 94% and 100%, respectively.
Conclusion: In conclusion, MSCT coronary angiography is a very helpful and rapid non-invasive
coronary imaging modality that was able to detect and grade coronary artery stenosis better than
other noninvasive examinations used to detect CAD, such as exercise stress testing. Due to its very
high negative predictive value, it may eliminate the need for invasive coronary procedures in the
presence of normal coronary imaging.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Conventional X-ray coronary angiography is the standard refer-
ence for the assessment of coronaryarterydisease. It is an invasive
and potentially harmful procedure with a small risk of serious
events (arrhythmia, stroke, coronary artery dissection, and
318 M.A. Youssef et al.death). Furthermore, the catheterization procedure involves
admission to hospital and discomfort for the patient (1).
Non invasive imaging of the coronary arteries is faced with
great difﬁculties. Most obviously coronary vessels have small
dimensions, which require high spatial resolution. Also, they
are subjected to rapidmotionbecause of cardiac contraction. Suf-
ﬁcient temporal resolution is thus necessary to avoid artifacts (2).
During the past decade, considerable progress has been
achieved in the ﬁeld of noninvasive coronary imaging with
MRI, electron beam computed tomography (EBCT), and, most
recently, multislice computed tomography (MSCT) (3–5).
Contrast-enhanced MDCT is a promising non-invasive
technique for the detection, visualization and characterization
of stenotic artery disease. It could act as a gatekeeper prior to
cardiac catheterization and ﬁnally replace conventional diag-
nostic modalities (6).
Recent generations of multi-slice CTmachines with higher and
developing spatial and temporal resolution allowanoninvasive ap-
proach to accurately delineate coronary artery anatomic struc-
tures, with increasingly more detector rows and higher gantry
speeds, allowing forbetter visualizationof the coronaryarteries (7).
The aim of this study was to evaluate the effectiveness of
the multislice CT coronary angiography, as a non-invasive
imaging tool in the assessment of coronary artery stenosis.2. Patients and methods
Between August 2012 and September 2013, 50 patients (35 males
and 15 females, age range, 40–80 years; mean age, 62.0 years ±
2.8[SD]), were selected on the basis of clinical picture suggesting
the presence of coronary artery disease. The patients were re-
ferred to the radiodiagnosis and imaging department of Nasser
institute hospital from their cardiology departments and Tanta
university hospitals forMSCTexamination.Exclusion criteria in-
cluded (1) previous bypass surgery or coronary artery stent place-
ment, (2) pregnancy, and (3) patients with chronic renal
impairment (high serumcreatinine) or previous allergy to the con-
trast media. This study was approved by the ethics committee of
our institution; an informed consent was obtained from all
patients after full explanation of the beneﬁts and risks of the
procedure.
All patients were subjected to the following:
(I) Full history taking.
(II) Clinical examination.
(III) Evaluation of previous investigations and
management.
 ECG and echocardiography if present.
 Drugs taken as antiarrhythmic drugs, vasodilators, diuret-
ics and antihypertensive drugs.
 Serum creatinine in all patients.
(IV) Multislice computed tomography of the coronary
arteries.
It was done for all cases in radiodiagnosis and imaging
department of the Nasser institute hospital, using a 320 detec-
tor row machine.
Patient preparation:
 No food for 3–4 h before examination. Patient should be well hydrated for renal protection and for
ease of establishing venous access.
 No caffeine products for 12 h before examination, this
includes coffee, tea, energy drinks, energy pills, diet pills
and most soda.
 Take all regular medications on the day of examination,
especially blood pressure medication.
 Take pre-medications for contrast allergy as diphenhydra-
mine 50 mg by mouth 1 h before contrast exposure.
 The patients were instructed to remove all metallic objects
and wear hospital gowns, then the procedure was explained
to the patient for reassurance and the patients were
informed about the length of examination and the value
of remaining motionless.
 In all patients a 20-gauge intravenous catheter may be sufﬁ-
cient in normal or small patients, but an 18-gauge intrave-
nous cathetermay be necessary formore rapid infusion rates.
Patient positioning:
 No food for 3–4 h before examination.
 Patient should be well hydrated for renal protection and for
ease of establishing venous access.
 No caffeine products for 12 h before examination, this
includes coffee, tea, energy drinks, energy pills, diet pills and
most soda.
 Take all regular medications on the day of examination,
especially blood pressure medication.
 Take pre-medications for contrast allergy as diphenhydra-
mine 50 mg by mouth 1 h before contrast exposure.
 The patients were instructed to remove all metallic objects
and wear hospital gowns, then the procedure was explained
to the patient for reassurance and the patients were
informed about length of examination and the value of
remaining motionless.
 In all patients a 20-gauge intravenous catheter may be sufﬁ-
cient in normal or small patients, but an 18-gauge intrave-
nous cathetermay be necessary formore rapid infusion rates.
Technique:
The imaging protocol was used (40 patients with prospective
and 10 patients with retrospective ECG gating). The study was
done ﬁrst without contrast then the images obtained were used
for evaluation and quantiﬁcation of coronary artery calciﬁca-
tion using Agatston score. Then all the patients underwent en-
hanced study for evaluation of stenotic lesions after injection
of 50–60 cc of high iodine concentration non-ionic contrast
media iopamidol (Scanlux, 370 mg I/mL, Sanochemia, Austria)
to achieve good contrast, injected at rate of 4–7 ml/s.
Parameters of CT protocol:
The protocol used in the current study is known as Vitrea Fx,
wherekV= 120,mA= 500,mAs= 111andslice thickness 1 mm.
Image reconstruction:
 Axial images
During data acquisition in coronary, the console automat-
ically displays axial images of the slices of the anatomic area
under investigation, usually at 1-mm intervals.
 Multiplanar reformatting
Table 2 Different groups of coronary artery calciﬁcation and
subsequent evidence of CAD and their sex distributions.
Sex Group Male Female Total Percentage (%)
Normal 4 2 6 12
Minimal 5 – 5 10
Mild 13 5 18 36
Moderate 5 6 11 22
Extensive 8 2 10 20
Total 35 15 50 100
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rect access to images displayed in the three orthogonal planes,
axial, sagittal, and coronal.
 Reconstruction of the curved plane: curved MPR
The same three-dimensional software that enables MPR al-
lows reconstruction of curved planes (curved reformatting),
according to the course and location of the coronary arteries.
The course of each coronary artery can therefore be followed
point by point and image by image. Direct reconstruction of a
curved plane yields an image of the vessel of interest, from its
origin and extending to its more distal segments. These images
may be obtained manually or automatically, with reconstruc-
tion software that identiﬁes the coronary arteries based on their
higher CT density.
(V) Invasive coronary angiography.
It was performed using trans-right femoral artery ap-
proach. The images were evaluated by an observer blinded
to the MSCT results.
2.1. Image analysis
 Evaluation of stenosis
Scans of coronary CTA and catheter angiography were
analyzed by two experienced observers (radiologist and cardi-
ologist) unaware of the clinical data. Each segment lesion is de-
scribed as follows:
 The location: proximal, middle or distal portions of the ves-
sel according to the topography of the lesion.
 The extension of the lesion: focal or diffuse eccentric or
concentric.
 The degree of obstruction:
1. Non-signiﬁcant stenosis (less than 50% of the vessel lumen,
including mild and moderate degrees of obstruction).
2. Signiﬁcant stenosis (more than 50%, including critical sub
occlusive and occlusive lesions).
All patients underwent enhanced study for evaluation of
stenotic lesions. A comparison of the lumen at the location
of narrowing with proximal and distal references enables a
qualitative assessment of the degree of luminal narrowing.
2.2. Statistical analysis
All data were expressed as mean ± standard deviation. The
positive predictive value and negative predictive value of
coronary CT angiography were calculated for detection ofTable 1 Age and gender distribution in total number of ca
Age No. of male cases No. of femal
40 to <50 years 7 1
50 to <60 years 15 6
60 to <70 years 8 5
70 years or more 5 3
Total 35 15signiﬁcant stenosis and occlusion and compared with catheter
angiography as the gold standard of reference.
3. Results
Multislice CT coronary angiography followed by catheter cor-
onary angiography was performed to all patients without com-
plications. 50 patients were included in this study (35 males and
15 females, age range, 40–80 years; mean age, 62.0 ± 2.8 years).
All patients were referred to radiodiagnosis and imaging
department of Nasser institute hospital from their cardiology
departments and Tanta university hospitals. In this study the
commonest age group was 50 years to less than 60 years and
the least common affected age group was 40 years to less than
50 years and 70 years or more. This study revealed gender dif-
ference between males 70% and females 30% as shown in
Table 1.
As coronary calciﬁcation is an important parameter in the
evaluation of the condition of the coronary vessels stenosis pa-
tients were classiﬁed into 5 groups according to Agatson score
which classiﬁes patients according to extent of coronary artery
calciﬁcation and subsequent evidence of coronary artery
disease.
 Group (1) their score is zero, so no evidence of coronary
artery disease which includes 6 patients.
 Group (2) their score ranged from 1 to 10, so there is min-
imal evidence of coronary artery disease which includes 5
patients.
 Group (3) their score ranged from 11 to 100, so there is mild
evidence of coronary artery disease which includes 18
patients.
 Group (4) their score ranges from 111 to 400, so there is
moderate evidence of coronary artery disease which
includes 11 patients.
 Group (5) their score is more than 400, so there is extensive
evidence of coronary artery disease which includes 10
patients.ses.
e cases Total No. of patients Percentage (%)
8 16
21 42
13 26
8 16
50 100
Fig. 1 (A and B) 59-years-old male patient with chest pain and
dyspnea. Multislice CT coronary angiography with contrast (A)
shows calciﬁcation and non signiﬁcant LAD stenotic lesion (40–
50%) and conventional coronary angiography, (B) shows non-
signiﬁcant LAD stenotic lesion (arrow).
Fig. 2 (A–D) 59-years-old male patient with chest pain and dyspn
calciﬁcation and no stenotic lesion in (D) conventional coronary angi
320 M.A. Youssef et al.In the current study the commonest group was the mild one
(36%) while the least common group was the minimal one
(10%) as shown in Table 2, Figs. 1–5.
This study revealed that the most common site for calciﬁca-
tion and stenosis was the left anterior descending artery
(76.7%) followed by circumﬂex artery (43.3%) then right or
left main coronary arteries (40%) as shown in Table 3.
Forty patients (80.0%) from the studied population had a
total coronary calcium score of less than 400 according to
Agatston Score. The remaining 10 patients (10.0%) had a to-
tal coronary calcium score of 400 or more according to Agat-
ston score. The former group (low total coronary calcium
score) showed high levels of sensitivity, speciﬁcity, positive
and negative predictive values as compared with the latter
group (high total coronary calcium score) values as shown
in Table 4.
The coronary tree was divided into two groups of seg-
ments; those representing the proximal coronary tree includ-
ing the left main coronary artery, proximal LAD, proximal
circumﬂex and proximal RCA, and other segments were
labeled as non proximal segments. When comparing the
diagnostic accuracy of MSCT in evaluating proximal versus
distal coronary segments; we found that the sensitivity,
speciﬁcity, NPV and PPV were signiﬁcantly higher in prox-
imal segments than in non proximal segments as shown in
Table 5.
CTCA is not speciﬁc, but is highly sensitive for the presence
of signiﬁcant CAD. In this study, it was found that for more
than 50% stenosis severity (as assessed by invasive angiogra-
phy), sensitivity of the MSCT coronary angiography was high-
er when compared to less than 50% stenosis severity (96%
versus 85%) as shown in Table 6.ea. MSCT coronary angiography with contrast (A–C) shows no
ography shows non-signiﬁcant LAD stenotic lesion.
Fig. 3 (A–D) 55-years-old male patient with chest pain and dyspnea. MSCT coronary angiography with contrast (A) shows subtotal
LAD occlusion (95%), (C) shows subtotal LCx occlusion, (B) conventional coronary angiography shows subtotal LAD occlusion and (D)
shows subtotal LCx occlusion.
Fig. 4 (A and B) 58-years-old male diabetic patient with chest
pain. MSCT coronary angiography with contrast (A) shows
proximal LAD mild lesion (about 40%), (B) conventional
coronary angiography shows proximal LAD mild lesion.
Fig. 5 (A and B) 58-years-old male diabetic patient presented
with chest pain. MSCT coronary angiography with contrast (A)
shows total OM occlusion, (B) conventional coronary angiogra-
phy shows total OM occlusion.
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Table 3 Classiﬁcation of coronary artery branches according
to prevalence of calciﬁcation.
Coronary artery branches Number of patients Percentage (%)
Right main coronary artery 20 40
Left main coronary artery 20 40
Left anterior descending artery 38 76.7
Circumﬂex artery 22 43.3
Others 0 0
322 M.A. Youssef et al.4. Discussion
While selective conventional coronary angiography will re-
main vital for planning and guiding catheter-based and surgi-
cal treatment of signiﬁcantly stenotic coronary lesions or
occlusions, the comprehensive and serial assessment of asymp-
tomatic or minimally symptomatic stages of coronary artery
disease (CAD) for preventive purposes will eventually need
to rely on noninvasive imaging techniques. Cardiovascular
imaging with tomographic modalities, including computed
tomography (CT) and magnetic resonance imaging (MRI),
has great potential for providing valuable information (8).
Multislice CT is a recent development in the spiral CT.
MSCT scanners are equipped with multiple and thinner detec-
tor rows, and have a faster X-ray tube rotation speed. These
technical advances have an important impact on image quality
(9). The ability of MSCT coronary angiography to assist in the
identiﬁcation of asymptomatic, sub-occlusive CAD, above and
beyond coronary calcium evaluation, is clear. Identifying dis-
ease in the asymptomatic phase, in low- and intermediate-risk
patients, allows the targeting of therapies including statins and
antiplatelets to secondary prevention goals, resulting in reduc-
tion of coronary ischemic events. It is also clear that MSCT
angiography has the capability to assist in the detection of
obstructive disease in native coronary arteries and bypass
grafts (10,11).Table 4 Diagnostic accuracy of CTCA in patients with hig
Coronary calcium scoring Sensitivity
High calcium score N= 10 (20%) 94
Low calcium score N= 40 (80%) 98
Table 5 Diagnostic accuracy of CTCA in evaluating proxim
Coronary tree segments Sensitivity Speciﬁ
Proximal segments 96 89
Non-proximal segments 89 86
Table 6 Diagnostic accuracy of CTCA in detection of obs
angiography.
Degree of CA stenosis Sensitivity
Signiﬁcant stenosis (>50%) 100
Non signiﬁcant stenosis (<50%) 96
N.B.: CTCA, computed tomographic coronary angiography.Challenges in evaluating the coronary arteries at CT are
their small size and tortuous courses and location adjacent
to the moving heart. The vessels are typically 2–4 mm in diam-
eter and are parallel, oblique, or perpendicular to the axial
plane in portions. In addition, they are adjacent to both atria
and ventricles and therefore may be affected by cardiac motion
in different phases of the cardiac cycle. Possible solutions are
imaging on scanners with an increasing number of detector-
rows, faster rotation speeds and reconstructing multiple sets
of images obtained in different phases of the cardiac cycle (12).
In this study; the pre-examination heart rate was evaluated,
patients with rates above 65 beats per minute were given cardio-
selective B-blocker orally 1 h before the study to obtain a stable
low heart rate, provided that contra-indications to B-blockers
are excluded, this is in agreement with Pugliese et al. (13) who
reported if the heart rate was still above 75 beats per minutes,
the examination was postponed to another setting.
Regarding the distribution of the image reconstruction win-
dow with least motion artifacts relative to the cardiac cycle; the
left main and LDA arteries were best visualized in mid-diastole
at 60–70% formost patients. The time point for best image qual-
ity of the right coronary artery was different being early in dias-
tole at 40%. The left circumﬂex artery showed optimal image
quality most frequently at 50–60%. This is in agreement with
Kopp et al. (14) who found the same distribution. Motion arti-
factswere signiﬁcantlymore frequent in patientswith heart rates
of more than 70 bpm than in patients with lower heart rates.
Lepor and Madyoon (15) stated that from their own expe-
rience using both the 16- and 64-slice CT scanners, they have
observed an improved ability to obtain coronary artery images
in patients that are hard to image (e.g. the obese, those unable
to maintain long breath holds). These scanners have also
proved useful in coronary arteries that are calciﬁed or had me-
tal stents placed within and in patients with faster heart rates.
It is now clear that non-invasive CT angiography of the coro-
nary arteries requires the use of, at minimum, the 16-slice
scanner, with improved imaging observed in the 64, 128 andh and low total coronary calcium scores.
Speciﬁcity NPV PPV Accuracy
89 95 79 93
92 98 85 97
al versus non proximal coronary segments.
city NPV PPV Accuracy
96 84 94
88 74 88
tructive coronary artery disease as compared to invasive
Speciﬁcity NPV PPV Accuracy
92 100 94 97
89 95 89 90
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speciﬁcity in studies using the 320- rather than the 64-slice
scanners could be attributed to the reduced tube-rotation time
with consequent improvement in the temporal resolution.
Another important factor is the improved spatial resolution
owing to the use of the least available slice thickness.
A well-recognized limitation in the assessment of coronary
stenosis with CT angiography is related to dense coronary
arterial calciﬁcation. The resulting ‘‘blooming’’ effect causes
difﬁculties in assessing adjacent plaque structures and patent
lumen, potentially resulting in a false-positive evaluation of
stenosis (overestimation of the degree of narrowing) (8).
In our study, mean CT CAC score of patients with coro-
nary arteries with signiﬁcant stenotic lesions was higher than
the mean CT CAC score of patients with coronary arteries
with no signiﬁcant stenotic lesions with signiﬁcant difference
and this was in agreement with Wayhs et al. (16) who found
that mean patient CT CAC score was signiﬁcantly greater in
patient with hard coronary events than in patients with no cor-
onary events. Similar ﬁndings were noted by Oh et al. (17), Lau
et al. (18) and Haberl et al. (19).
In our study, mean patient CT CAC score increased with
the increased number of coronary arteries with signiﬁcant ste-
notic lesions from coronary artery with no signiﬁcant stenotic
lesion’s group to the fourth group (more than two coronary
arteries with signiﬁcant stenotic lesions) with signiﬁcant differ-
ence between all groups. Also strong correlation was found be-
tween CT CAC score and the number of coronary arteries with
signiﬁcant stenotic lesions and this was in agreement with Hay-
dar et al. (20) who found that CAC directly correlated with the
number of coronary arteries with signiﬁcant stenotic lesions.
Haberl et al. (19) and Lau et al. (18) found CT CAC score
P400 highly suggestive of coronary arteries stenosis with high
sensitivity and speciﬁcity and similarly in this study all patients
with coronary arteries with signiﬁcant stenotic lesions had CT
CAC score above 400.
MSCT CA is not speciﬁc, but is highly sensitive for the pres-
ence of signiﬁcantCAD. In this study, it was found that formore
than 50% stenosis severity (as assessed by invasive angiogra-
phy), positive and negative predictive values of the MSCT cor-
onary angiography was 94% and 100%, respectively. This was
concordant with the ﬁndings revealed by other studies (21–23).
Sheth et al. (24) and Hoffmann et al. (25) found a higher
diagnostic accuracy of the MSCT coronary angiography in
evaluating the proximal coronary segments; this was in agree-
ment with our study in which the sensitivity, speciﬁcity, PPV
and NPV were 96%, 89%, 84% and 96%, respectively for
proximal segments, versus 89%, 86%, 74% and 88%, respec-
tively for non-proximal coronary segments.
In conclusion, MSCT coronary angiography is a good and
rapid non-invasive coronary imaging modality that is able to
evaluate the coronary anatomy and early detection and grade
coronary lesions better than other noninvasive examinations
used to detect CAD, such as exercise stress testing. Due to
its very high negative predictive value, it may eliminate the
need for invasive coronary procedures in the presence of nor-
mal coronary imaging.
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